charge (51.2% vs. 35.0%, p < 0.001) compared to the nondialysis group. Dialysis status was associated with 50.3% increased cost of hospitalization (p < 0.001). Conclusion: CIEDinfection related hospitalization is increasing among patients undergoing dialysis and is associated with higher in-hospital mortality, longer hospital stay and higher costs of hospitalization. Future studies should examine the reasons for such a high risk and find means to improve outcomes in dialysis population.
SCD event has been shown to be independently associated with a 42% reduction in risk of death in this population [6, 7] . A recent meta-analysis also reported mortality benefit in chronic kidney disease (CKD) patients following CRT [7] .
Even though not proven, dialysis patients may therefore represent a unique group of patients for which CIEDs may potentially provide substantial benefits. However, a few studies have demonstrated an increasing trend of CIED infections in the general population, which has been out of proportion to the rate of device implantations and these infections have been associated with higher in-hospital mortality [8, 9] . The expanded indications for CIEDs, changing patient demographics and the placement of these devices in high-risk patients with greater comorbidity burden may be contributing to this trend [8] . Dialysis patients are at a high risk of complications following implantation of CIEDs, including device lead dislodgment, dialysis access thrombosis, bleeding and infections [10] [11] [12] [13] [14] . Due to multifactorial reasons, they are more prone to develop endovascular infections [15] and several smaller studies have reported an increased risk of CIED-related infections in this population. Therefore, we sought to describe the characteristics, incidence, outcomes and costs for dialysis patients hospitalized with CIED-infections using a large national inpatient database.
Methods

Study Design and Data Source
This retrospective analysis was conducted using the Healthcare Cost and Utilization Project-Nationwide Inpatient Survey (NIS), an administrative database created by the Agency for Healthcare Research and Quality (AHRQ) and represents the largest all-payer inpatient care database publicly available in the United States. The database represents data from the 20%-stratified sample of US community hospitals and to facilitate the projection of national estimates, both hospital and discharge weights are provided, along with the information necessary to calculate the variance of estimates. Demographic variables (e.g., age, race, sex), payer characteristics and hospital characteristics such as teaching status, location (rural vs. urban), hospital size and region are available in the NIS database. Hospitals are considered teaching status if they have an American Medical Association-approved residency program, are a member of the Council of Teaching Hospitals, or have a fulltime or equivalent interns and residents to patient ratio of 0.25 or higher. Hospitals with a core-based statistical area type of metropolitan were categorized as urban and hospitals with a core-based statistical area type of rural were categorized as rural. The bed-size cutoff values are chosen so that approximately one-third of the hospitals in a given region, location, and teaching status combination would fall within each bed-size category (small, medium and large).
Study Population
We queried the NIS database from 2005 to 2010, comparing dialysis vs. non-dialysis patients admitted with CIED infections. We identified patients with CIED infections using the International Classification of Diseases-9th Revision-Clinical Modification (ICD-9-CM). Specifically, we used ICD-9-CM codes for device-related infection (996.61) or procedure code for device explanation (37.77, 37.79, 37.89, 37.99) along with evidence of infection such as sepsis (038, 785.59), bacteremia (790.7), bacterial endocarditis (421.0, 421.9, 424.9), abscess/cellulitis (682.9) or fever (780.6) as had been used in previous literature [9] . ESRD patients were identified using the ICD-9-CM code for ESRD (585.6) ( fig. 1 ). Dialysis patients were selected by excluding renal transplant patients (V42.0).
Study Variables
Age, sex, race and primary payer status were identified as factors using appropriate variables from the NIS database. The age was divided into five subgroups -18-34, 35-49, 50-64, 65-79 and over 80 years. Hospital characteristics -teaching status, location, bedsize and region were also identified using appropriate NIS variables. We used the Deyo's modification of Charlson's comorbidity index to identify the burden of comorbidity [16] . Zip code details (as a proxy for socioeconomic status) are available in NIS and were categorized into quartiles with an additional level for missing values.
Outcomes
Outcome measures include incidence rates, all-cause in-hospital mortality, length of hospital stay, discharge disposition and costs associated with CIED-infection related hospitalizations. Hospital cost estimates were converted from hospital charges to costs by the 'cost-to-charge' ratio, provided by the Healthcare Cost and Utilization Project (HCUP). The HCUP cost-to-charge ratio is hospital and year specific.
Statistical Analysis
We used weights provided by the NIS to generate national estimates of the number of hospitalizations. The number of CIEDinfection-related hospitalizations per 100,000 populations was calculated by using the annual population estimates from the United States Census Bureau: American FactFinder (http://factfinder2. census.gov/faces/nav/jsf/pages/index.xhtml) and United States Renal Data System RenDER (http://www.usrds.org/render/xrender_home.asp). Direct standardization of age was performed to standard 2000 US standard population to estimate age-adjusted incidence rates. Similarly, we calculated age-adjusted incidence rates for CIED-infection-related hospitalizations for dialysis and non-dialysis groups from 2006 to 2010. Since the ESRD code was introduced in 2005, the rates were very low in 2005 and thus we excluded the data from year 2005 for incidence rate calculation. Significance of trends for age-adjusted incidence over the years was assessed using linear regression.
The Chi-square test was used to evaluate the relationship between the categorical variables. Because the length of stay of survivors was not normally distributed, the t test was performed on logtransformed values and median and inter-quartile ranges have been reported. We examined the risk factors for mortality in those admitted with CIED-related infections using weighted logistic regression in the multivariable model, which was adjusted for age, sex, race, primary payer, hospital teaching status, hospital location, hospital region, hospital volume (small, medium and large), hospital bed size, zip code and the Charlson's comorbidity index score. These variables have been chosen because they were either reported to be associated with mortality or found to be clinically relevant. Similarly, for factors associated with the length of stay of survivors, a weighted multivariable regression analysis (adjusting for the same variables included in the mortality model) was performed. For this analysis, the length of stay was considered in log scale due to the skewed distribution. We also performed a weighted multivariable analysis using costs as log transformed variable to assess the differences between dialysis and non-dialysis patients. To control for variability by year, we used year as a predictor in all regression models. Disposition details were summarized for dialysis and non-dialysis groups. As information regarding race was missing in over 20% of discharges, we performed a sensitivity analysis for predictors of mortality by excluding missing values for race from analysis, a method that has been used in literature to overcome the issue of missing information regarding race from NIS database. We also reported the reimplantation rates (only during the same hospitalization) based on the ICD-9 codes for the cardiovascular devices. In addition, we also conducted subgroup analysis for various types of infections (i.e., sepsis, infective endocarditis, etc.) to assess if there were differences based on these diagnosis codes. All analyses were performed using the SAS 9.3 software (SAS Institute, Cary, N.C., USA). This study was approved by the Cleveland Clinic Institutional Review Board.
Results
Patient Characteristics
During the study period (2005) (2006) (2007) (2008) (2009) (2010) , there were 87,798 estimated hospitalizations for CIED-related infections, of which an estimated 6,665 (7.6%) were dialysis patients. Dialysis patients were younger with 48.4% aged <65, compared with 39.7% of non-dialysis patients (p < 0.001). There were higher proportions of African Americans (26.5% vs. 8.3%) and Hispanics (8.0% vs. 5.6%) among dialysis patients (p < 0.001). Medicare was the primary payer for 80.3% of dialysis patients compared to 64.7% of non-dialysis patients (p < 0.001). Other baseline patient characteristics (gender and other comorbid conditions), payer characteristics and hospital characteristics are presented in table 1 .
Incidence
The overall unadjusted incidence of CIED-infectionrelated hospitalizations in the dialysis group and non-dialysis groups were 300.3 and 6.1 per 100,000 persons, respectively. As shown in figure 2 , age-adjusted incidence rates of CIED-related infection were also higher in the dialysis population and the age-adjusted incidence of hospitalizations increased during the 5-year period (2006) (2007) (2008) (2009) (2010) in the dialysis group ( fig. 2 ) .
Mortality
During the study period (2005) (2006) (2007) (2008) (2009) (2010) , unadjusted allcause in-hospital mortality was 13.7% for dialysis patients admitted with CIED-related infections, compared to 5.9% in the non-dialysis group (p < 0.001; CIED-related infection cohort n = 88,008
Renal transplant patients excluded n = 210 Dialysis CIED infection cohort n = 6,665
Non dialysis CIED-infection cohort n = 81,133 higher odds of death, compared to non-dialysis patients ( table 3 ). Other factors that were predictive of mortality were: age >65 years, higher comorbid disease burden and patients admitted to teaching hospitals in the recent years.
Length of Stay and Disposition
Among survivors, the unadjusted length of stay for dialysis patients was shorter (p < 0.001; table 2 ). In the multivariable model, the dialysis status was associated with a 24% increased length of hospital stay when compared with non-dialysis patients hospitalized for CIED-related infections (p < 0.0001). Among survivors, 51.2% of dialysis patients were transferred to skilled nursing facilities or other rehabilitation centers at the time of discharge, compared to 35.0% in the non-dialysis group (online suppl. table 1; for all online suppl. material, see www.karger. com/doi/10.1159/000366453).
Cost
After converting hospital charges to cost using the cost-to-charge ratio provided by the HCUP, dialysis patients had higher unadjusted costs associated with these hospitalizations than non-dialysis patients ( table 2 ). In the multivariable model (with costs considered in log scale), dialysis patients had 31% higher cost of hospitalization than non-dialysis population (p < 0.001).
Reimplantation Rates
Reimplantation rates for pacemaker and implantable cardioverter defibrillator were 2.1% among dialysis and 4.3% among non-dialysis population during the same hospitalization period.
Sensitivity Analysis Excluding Those with Missing Race
We performed a sensitivity analysis by excluding those with missing values for race. Similar to the primary analysis, dialysis patients had two times higher odds of inhospital mortality (OR 1.99; 95% CI: 1.6, 2.5) after adjusting for relevant covariates.
Those with Sepsis/Infective Endocarditis ICD-9 CM Codes In the analysis restricted to those with ICD-9 codes for sepsis, the dialysis status was associated with 1.31 (95% 285 CI: 1.05, 1.65) higher odds of death and those with ICD-9 codes for endocarditis (even though there was a trend) were not significantly associated with higher odds of death (OR 1.35, 95% CI: 0.99, 1.83).
Discussion
In this large representative database of hospitalizations in the United States, we observed an increase in the incidence of CIED-infection-related hospitalization over time among dialysis population. The unadjusted all-cause in-hospital mortality was 5.9% in non-dialysis patients and 13.7% in dialysis patients. In the multivariable model, two-fold increased odds of in-hospital death were observed in dialysis patients admitted with CIED-related infections. They also had a longer hospital stay; a higher proportion of them required transfer to an extended care facility at the time of discharge along with a higher cost of hospitalization compared to the non-dialysis group.
Rising rates of CIED-related infections have been described in the general population, associated with an increased risk of in-hospital mortality [8, 9] . Among other factors, the presence of kidney disease, including being on dialysis, has been reported as an independent predictor of CIED infections as well as mortality [9, 13, 17] . We noted increasing rates of CIED-infection-related hospitalization over time in the dialysis population. Even though this increase might be related to the increasing number of procedures being done in the recent years, the increasing numbers of CIED-related infections impose a significant burden to patients and health care systems. Our findings confirm higher odds of in-hospital death following CIED infection-related hospitalization in the dialysis population. However, this was significantly lower than previously reported odds of in-hospital death attributed to renal failure. It is likely that the ICD-9-CM code for renal failure in previous studies may have incorporated both acute renal failure as well as non-dialysis-dependent CKD patients along with the dialysis population. On the other hand, this analysis is restricted to dialysis patients. Including data only from the year 2005 onwards (when the ICD-9-CM code for ESRD was introduced), we observed two-times increased odds for in-hospital mortality among dialysis patients hospitalized with CIED-related infections.
Kidney disease is a known risk multiplier for several conditions, more so in patients hospitalized with infections. Dialysis patients have been reported to have a higher incidence of infections including sepsis, pneumonia, orthopedic and endovascular infections [15, [18] [19] [20] [21] . The increased risk is attributed to underlying uremia-related immune dysfunction, presence of temporary vascular access and transient bacteremia with repeated hemodialysis procedures [15, 22, 23] . These are in addition to other traditional factors such as older age, hypoalbuminemia, malnutrition and higher comorbidity burden that have been shown to be independently associated with infectious risk in this population [24, 25] . They also have higher mortality rates following infection-related hospitalizations with 15% overall in-hospital mortality rate reported in hemodialysis patients. The risk of death varies depending on the source of infection, with 7% all-cause, in-hospital mortality rate for vascular access infections, 17% for respiratory infections and up to 30% for cardiac infections [21] . Understanding the difference in the characteristics of the study population and definition used, our report of 13.7% mortality rate in dialysis patients following CIED infections may therefore seem modest in this high risk population.
The long-term implications of CIED infections in this population are however unclear. Systemic antimicrobial therapy, complete device and lead extraction followed by device re-implantation in an alternative location (if still indicated) are the recommended approaches for CIED infections [26] . However, dialysis patients have been shown to be less likely to be successfully re-implanted following biventricular device infections and in general, patients who were not successfully re-implanted, seemed to have poorer long-term outcomes [27] . While we were able to demonstrate an increased risk for in-hospital death with CIED-related infections, we could not examine the specific cause of death in this study. These increased deaths could be attributed to either underlying sepsis or increased risk for arrhythmic events in the dialysis population. An increased risk of cardiovascular events following acute infections has been previously described in the general population although the mechanism is not entirely clear [28] . One could speculate that such risk would also be amplified in the dialysis population. Further, the type of dialysis vascular access influences outcomes because patients with dialysis catheters have an increased risk for contracting infection and death when compared with patients who use arteriovenous fistulas for their dialysis access [21, 29, 30] . However, we were unable to identify the type of dialysis access from the NIS database; hence, we could not determine their effect on in-hospital mortality in the setting of CIED infections. Future studies could directly compare the incidence and outcomes of CIED infections to other types of infections (such as those related to vascular ac-cess, pneumonia etc.) in dialysis population to understand the severity and importance of various types of infections in the dialysis population.
Among survivors of CIED-related infections, we observed that the majority of patients would require extended care either at a long-term acute care facility, skilled nursing facility or other rehabilitation facilities. The cost associated with the additional level of care after discharge has not been previously reported and could not be evaluated in our study. However, it could be suggested that this disparity in discharge disposition would contribute to additional healthcare utilization cost in the dialysis population as well as increased rate of readmissions in those requiring a higher level of care after discharge.
Even though the cost of hospitalizations for CIED infections in the general population has been previously reported, the cost implication in specific risk groups has not been previously evaluated. Greenspon et al. had reported increased hospital charges for CIED infections in the general population, from about $75,000 in 1993 to over $146,000 by 2008, representing a 47% increase per decade [9] . In our study, we have converted hospital charges to cost and observed 41% increased cost of hospitalization for dialysis patients when compared with that of the nondialysis patients hospitalized with CIED infections. These could be attributed to the increased length of stay among the dialysis population along with the additional laboratory and dialysis procedures performed during the hospitalization. In the adjusted analysis (including dialysis status as a variable), the higher costs among dialysis patients remains, highlighting the economic burden associated with CIED-related infections.
The main strength of this analysis includes the generalizability of the data and the availability of disposition details along with in-hospital costs. However, we recognize the limitations of this study being a retrospective analysis with inherent biases. We have used an administrative database that depended on ICD-9-CM codes to identify our study population. There may have been some degree of selection bias because coding may vary among different hospitals and individual coders. However, the coding variations are not expected to be substantially different when comparing dialysis and non-dialysis patients within the same hospital or individual coder. Moreover, these codes have been previously used in other studies evaluating CIED infections. Also, patients who were admitted with acute kidney failure warranting dialysis could have been included in the non-dialysis group and thus could have underestimated the risks associated with the dialysis population. Given the nature of the database used, we were not able to adjust for other predictors of mortality such as cardio-protective medication use and we did not have details relating to underlying cardiac function (EF, diastolic dysfunction, etc.). However, we have used the modified version of Charlson's comorbidity index to account for several comorbidities including the cardiovascular disease burden, which are often higher in dialysis patients.
In conclusion, in dialysis patients, hospitalization related to CIED-infections is increasing and is associated with an increased risk of in-hospital mortality, increased length of hospital stay and higher costs. Nevertheless, these rates are similar to mortality rates seen with other infections in this population and might not necessarily negate the potential benefits of CIED. Further studies are therefore needed to identify and modify specific risk factors for CIED-related infections within the dialysis population and ways to improve outcomes in those who are hospitalized with CIED infections.
